Tetradecanoylphorbol acetate and terbutaline stimulate surfactant secretion in alveolar type II cells without changing the membrane potential.
Alveolar type II cells were isolated from adult rat lungs after tissue dissociation with elastase. The effect of known secretagogues on transmembrane potential was examined in freshly isolated cells (day 0 cells) and in cells after one day of primary culture (day 1 cells). Freshly isolated type II cells were incubated with 3,3'-dipentyloxacarbocyanine (di-O-C5(3)) or 3,3'-dipropylthiadicarbocyanine (di-S-C3(5)), dyes whose intracellular fluorescence intensity is a direct function of the cellular transmembrane potential. Fluorescence was continuously recorded by fluorescence spectrophotometry. Type II cells rapidly incorporated the dyes, and the addition of gramicidin (1 microgram/ml) depolarized the cells as indicated by a change in fluorescence. Neither 12-O-tetradecanoylphorbol 13-acetate (TPA) nor terbutaline plus 3-isobutyl-1-methylxanthine (IBMX), which stimulate surfactant secretion from isolated alveolar type II cells, changed the transmembrane potential. The lipophilic cation triphenylmethylphosphonium (TPMP+) was used to quantitate the transmembrane potential of type II cells cultured for one day. Addition of TPA or terbutaline plus IBMX induced surfactant secretion but did not alter the transmembrane potential. To study further the relationship of secretion to the transmembrane potential, secretion was also determined in the presence of high extracellular potassium which depolarizes the cells and in the presence of choline in place of sodium. High potassium enhanced the basal secretion of phosphatidylcholine from 1.8% to 3.4% (P less than 0.01, n = 7). Substitution of sodium chloride by choline chloride had no effect on basal secretion but enhanced TPA-induced secretion (P less than 0.01). We conclude that high extracellular potassium induces membrane depolarization and stimulates surfactant secretion, but TPA or terbutaline plus IBMX stimulates secretion without detectable membrane depolarization and stimulation of secretion by TPA does not require extracellular sodium.